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TR 60 °C R A 49.0% ; K45 T FONMT (450 G 3t 3017 T SR S5 A M@ AT, Z AL & 9 S IR IE 28 &R, & [ BESA Pben, 2%
SN a=7.4821(11) A,b=9.8106(15) A,c=38.683(6) A,V=2839.5(7) A*,Z=16,4=0.178 mm™ ,F(000)=1536; K
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Scheme 1 Synthetic route of FDNMT
2.3 KKHIE
2.3.1 3-ERERTRERE-1,2,4-ZHHEH

WFET 4 10.0 g(0.106 mol) 3-FIE-1,2,4-=
MmO 100.0 mL g FoKp, o4t mA 9.6 g
(0.138 mol) MR FE Mz, 1 30% (5t &= 73 %10) W A A Ak
AR WK SO pH (B Y 2 8,75 70 ~75 CIe
N 2.5 h B H 8 RN K PR OF E e, TR R
DEAS o [ A 3B 21 JE R W A R, 2, 4wk
6.6 g, KN 48.8% , 4} 99.1% (HPLC)

"H NMR (DMSO-d,, 500 MHz) §: 5.831 (s,
2H, NH,), 8.323 (s, 1H, CH), 9.956 (s, 1H
NH), 14.281 (s, TH, OH); ""C NMR(DMSO-d, ,
125 MHz) §: 143.79(s), 147.76(s), 151.84 (s);
IR(KBr, v/cm™): 3472, 3453, 3360, 3336, 3143,
1655, 1472, 1390, 1292, 1151, 932; Anal. calcd
for C,H,N.O(%): C 28.35, H 3.96, N 55.10;
found C 28.37, H 4.01, N 55.29; MS(El) m/z;
127[M¥ ],

2.3.2 3-BESETSERE1,2,4-ZHHEX

BEFER K 4.0 g(0.031 mol) 31 iz fig 2k-1,2,4-
jfnﬂ%ﬁu/w 5 mL ¥k EEEFI 30 mL ZE B K IR S
W, G208 i Al H 58 é?ﬁﬁé,?ﬁ}ﬁ#ﬂim@(@iﬂiu

5 CLANHT s A&k fh, % m 2.1 g(0.031 mol) W fif§
TR AN K W, s FE R mA 0.5 mL CH, CLL 41, 8K 5 78
5 CLAF PR+ 3.0 h, FHEF] 30 C i 1.5 h, %
B g KRR R, TR A R R 3-SR
FEWV -1, 2,4-= 1 3.6 g, ILE K 78. 1%, 4 JiE
98.9% (HPLC) ,
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"H NMR (DMSO-d,, 500 MHz) §: 8.604 (s,
TH, CH), 12.605(s, TH, NH), 14.408 (s, 1H
OH); "C NMR(DMSO-d,, 125 MHz) §: 128.36,
145.95, 154.79; IR(KBr, »/cm™): 3237, 1619,
1477, 1370, 1279, 1040, 937, 748; Anal. calcd for
C,H,N,OCI(%): C24.59, H 2.064, N 38.23;
found C 24.79, H2.050, N 37.70; MS(ESI-) m/z;
145, 147[M-H] ",

2.3.3 3-SEZMHPE-1,2,4-ZBHEK

PR KUK 1.5 g(0.01 mol) 3-fF 50551,
2,4-=m 75.0 mL =S H e A BB b, 44k A
1.5 g(0.053 mol) FL4A L — A, e /5 FHR 2 45 °C
JRE 45 min, 38 ZE R =S b, T ER AT 3-SUE Z
1,2, 4-=m 1.95 g, LR K 91. 9%, 4 & H
98.6% (HPLC) ,

"H NMR ( DMSO-d,, 500 MHz) §: 8.988 (s,
TH, CH), 9.114(s, TH, NH); "C NMR(DMSO-d, ,
125 MHz) &: 144.49, 147.49, 153.09; IR (KBr,
v/cm™): 3152, 3103, 3025, 1537, 1476, 1385,
1348, 1326, 1279, 1052 ; Anal. calcd for C;H,N,O,

Cl(%): C17.36, H 0.97, N 33.75; found
C17.33, H0.92, N 33.80; MS(ESI-) m/z: 206,
208[M-H] .,

2.3.4 3-EZRHEE-,2 4-ZHWAEMAR

PEFE T KUK 0.5 g(2.4 mmol) 3-50 1% i
Fe-1,2,4-= 0 10. 0 mL F s S50, T n
10.0 mL % 1.0 g(6.0 mmol) Al B 1y FF s 5 9, in
SESGAE 25 CCRON 1 h, i i PR sE T R4S 315 il
1,2 ,4-=mp403R 0.31 g, IR K 61.0% ,4iE K
98.8% (HPLC) ,

"H NMR(D,O-d,, 500 MHz) §: 8.503(s, 1H,
CH); "C NMR (D, O-d,, 125 MHz) §: 126. 90,
146.17, 150.91; IR (KBr, »/cm™ ). 3150, 3097,
2879, 1538, 1520, 1463, 1377, 1359, 1323, 1243,
1099; Anal. caled for C;H, N, O,K(%): C 17. 06,
H0.95, N 33.16; found C 17.13, H 0.91, N 33.22;
MS(ESI-) m/z: 172[ M-K] ™,

2.3.5 3-J{BEREFEE-1,2,4-=1(FDNMT) & B

PEFE T AKK 0.15 g(0.71 mmol) 3-fF — il H
F-1,2,4- = BRER 8.0 mL ZHEMA BB, R )5
Stk & AN A 0.25 g(1.49 mmol) —FALG,
SEJGTE 25 CEFE R 48 h, oh 3, sE W 78 T a7 LT
PRAT 3-JRUM g 5E-1,2,4-— 1 0.077 g, ILFE N
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FWH, FFmA, AR, EAA, BIER, ERX

56.6% ,4li [} 98.0% (HPLC) ,

"H NMR(DMSO-d, , 500 MHz) §: 8.961 (s, 1H,
CH), 9.061 (s, TH, NH); "C NMR ( DMSO-d,,
125 MHz) §: 124.68, 147.18, 153.09; "F NMR
(DMSO-d, , 470.5MHz) §: —95.25; IR(KBr, »/cm™):
3142, 2908, 1520, 1463, 1348, 1314, 1267,
1052; Anal. calcd for C;H, N, O,F (% ). C18.86,
H1.06, N 36.65; found C 18.83, H 1.11, N 36.72;
MS(ESI-) m/z: 190[ M-H ],

2.4 FDNMT fy8 RiE 5k

FREL 0.1 g 4lifiE KT 98.0% 1Y 3-R A% — ff FP 5k-
1,2, 4- =R i B A3 T 3 A K S i A
ZAOCHHE 2 M, SR LABERR, RN EE
WS AEY, B E T T HMENAT, =l
(20 ~25 C) PR 7 X, GR ORI, it &
3 RO B B o UKL AT it A 25 R
2.5 FDNMT R LE#MNE

HHR SFH 0.33 mmx0.26 mmx0. 14 mm f{JEA
i, #£ Smart APEX [T CCD fif #14% I, F§ Mo Ka §} £k

R A IRAEE XA R R

(A=0.71073 nm) AHEHAL, 7£296(2) KIRET,
Pho S )7 X8, AR 1.05°<6<25.10°,
-8<h<8,-11<k<11,-46<i<41,FWHENTH A
12967 A, Horp o 7 411 3 5 2522 A, 38 B 1>20 (1) 1Y
2522 A s T A5 R I B I, e i AR X & LI
TR LR WRE BT A T SHELXTL—97 2
A SE R

3 HRSWR

3.1 EREHHRK

TEBME SR L3-8 ,2 ,4- =k 5 R R 1R e I
LA L 38 B i 1,2, 4=k, S v Ay ) g T
31,2, 4- = HER R R FE R L (ny & ony) (R
T BE pH B FA B N B ) X6 G B 318 g s E-1,2,4-=
W S N SR AR S e SR LR 1, B R 1 A I
BB AE A RS R s 3B 31,2, 4-= g /R R FE I 1Y
BHEECA T 2115, )W B2 60 °CLpH B 2R 8, ) I
A 2 h R 49.0% .

Table 1 Influence of synthetic conditions on yield
molar ratio(n; : n,) yield/% temperature/°C  yield/% pH yield/% recution time/h  yield/%
1:1.10 40.4 50 39.5 6 29.7 1 37.3
1:1.15 48.8 60 48.8 8 48.9 2 49.0
1:1.20 48.5 70 48.2 10 46.5 3 48.8
1:1.25 49.0 80 40.3 12 31.3 4 48.3

3.2 FDNMT Rk @4

FDNMT SR I8 53 25 08 R 2316 o iy HE B4
Sl 1 E 2 Fos o MRS R RI X IESS R,
2SR Pben, Wik S M) a=7.4821(11) A b=
9.8106 (15) A, c=38.683(6) A,a=B8=y=90°,
V=2839.5(7) A’,Z=16,1=0.178 mm™", F(000) =
1536,CCDC 5. 1434789, iZ ik 44 B Patterrson
B AR R B 3 h 25 Fourier & k15 2,
Gy FESHFE 235 280, o YU B dR /N R AT AR
b (0 F & 2k F 45 1) R P 2 80, 0 TR SR 7
KRR SERASE) . T 1>20 (1) Fidm 1Y i 2 A
ZH T R, =0.0796,wR, =0.2402; %t B4 54 0 i
ZHTF R, =0.0823, wR, =0. 2437 , fe LI &5 s=
1.000, R = E HL T 2 9 A I 5064 539 e+ nm ™ 5%
I A-675 e » nm™
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PR T RIE 2 6T, E—A> FDNMT i {8 i v 4
EWA FDNMT 437, Hirt F(1)—C(1)—C(2)—N(3) ,
F(1)—C(1)—C(2)—N(4) \F(2)—C(4)—C(5)—N(8) il
F(2)—C(4)—C(5)—N(9) Iy T 45351 H-178.8(4)°,
0.4(5)°,=2.1(5)°F1-179.0(3) °, 7 W] 5o -tk b A1 = e 37
A T LA TE R — 1 5 43 T A i e i A
AR 93 ) S — S S A, L AT R P L 3%
TR S BE AR A3, JIN (1) —C(1)—C(2)—N(3) |
N(2)—C(1)—C(2)—N(3) N(6)—C(4)—C(5)—N(9)
FIN(7)—C(4)—C(5)—N(9) B i/ I H-58.7 (5)°,
58.6(5)°.59. 2 (5)°f1—-59.2(5)° N(1)—C (1),
N(2)—C(1) N(6)—C(4) Il N(7)—C(4)fk i
KA 1.553(5)A . 1.541 (5)A . 1.548(5)A HI
1.547(5)A, R FIEH® N—N i (1.460 A) s K,
3T R TR T £ 3R T e 280 5 B i
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By FE =R TT R T R il R B R G R 1 K T
AbF N—N g (1.460 A) TN = N W (1.250 A) |
C—N P (1.470 A) A1 C = N X4 (1.220 A) ],
SR A B I B — AN ST R R

B 1 FDNMT fy 5 g5 4y
Fig.1 Single crystal structure of FDNMT

2 FDNMT ¥4 i i 3 B
Fig.2 Packing program of FDNMT

3.3 FDNMT gy ge g

-G A 1,2, 4-= M R — R AR R R
AT T LA N, N-T R L 2
B T T & W b K Sl AT EE R OB
K FH Gaussian 09 F2 5" i) CBS4M kit & T
AL AW A R T R 8 R AT A A A
Kamlet-Jacobs % % 75 #2'"*) #l it % 1k & 4y 4 48 %5 1k
fig; R ZBL-B #i o J8& B2 AU X T FDNMT [k B,
Jf5 TNT .RDX p9PERERTEL 85 R L3 2,

M2 A LLE H, FDNMT B8 25 e il B T
TNT, 5 RN 5 TR 55 M e 2 B0ms I T RDX, i 8 24 B
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5 T TNT i RDX $i i JJ 100 1045 S8 2 ], FDNMT
S Flvie RDX 8 S I 107 80 5 R b1

&2 FDNMT . TNT F1 RDX i1 gE b i
Table 2 Performance of FDNMT . TNT and RDX

impact
p AH! D p Q o
compounds Jg - cm~ K] - mol- /m -7 /GPa /K] - kg~ jejznsmwty
FDNMT 1.81 -8.7 8365 31.1 5614 16.0
TNT!® 1.65 -74.0 6881 19.0 4222 15.0
RDX!'7! 1.80 92.6 8712 33.7 5355 7.0

Note: p is density; AH{ is heat of formation; D is density; p is detonation

pressure; Q is explosion heat.

4 % ®

(1) DA 3-3E-1,2,4-= 0 JFORE, £ 54k 3 4
f-SEAL Ak O 5 AL S BN A R TR e Ak
W) ——3 -5 % WS P L1 ,2,4- = (FDNMT) , £1iF
TACE WA 5 SR T B AT T AR S5 R R .

(2) 5T M4k I N s R 28, 318 T il |
BB . 3L ,2 4= B FIER R SR JE BE R HL
121,15, pH {2k 8, K N B 8]y 2 h, J2 B iR BE
60 °C,it% K 49.0% ,

(3) R H] Gaussian 09 &5 115 CBS-4M J5 3= Fi
Kamlet-Jacobs J&% 7 2 , Tl iz b & W v e 2 vk fig, 1%
FE1.81 g+ cm™ 4 8365.0 m - s 4% 31.1 GPa,
HEBAN-8.7 k) - mol™ B K 5614.4 k) - kg™,
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Synthesis and Properties of 3-Fluorodinitromethyl-1,2 4-triazole

LI Ya-nan, SHU Yuan-jie, ZHANG Sheng-yong, WANG Bo-zhou, ZHAI Lian-jie, HUO Huan
( State Key Laboratory of Fluorine & Nitrogen Chemicals, Xi'an Modern Chemisiry Research Institute, Xi'an 710065, China)

Abstract: 3-Fluorodinitromethyl-1,2 ,4-triazole( FDNMT) was synthesized using 3-cyano-1,2,4-triazole as starting material
by the reactions of oximation, diazotization-chlorination, nitration, reduction and fluorination. The structures of all com-
pounds were confirmed by IR, "H NMR, ">C NMR, elemental analysis and MS. The synthetic conditions of oximation reac-
tion were optimized, the suitable conditions were as follows: molar ratio of 3-cyano-1,2,4-triazole and hydroxylamine hydro-
chloride was 1 : 1.15, pH value was 8-9, reaction time was 2 h, reaction temperature was at 60 °C with a yield of 49.0% . The
single crystal of FDNMT was obtained in the acetonitrile system, and the crystal of FDNMT belongs to orthorhombic system,space
group Pbcn, cell parameters; a=7.4821(11) A,b=9.8106(15) A, c=38.683(6) A,V=2839.5(7) A’,Z=16,4=0.178 mm™',
F(000)=1536. Based on the calculated(CBS-4M) heat of formation(-8.7 k] - mol™") and the density (1.81 g - cm™), impres-
sive values for the detonation parameters such as detonation velocity(8365.0 m + s™'), detonation pressure (31.1 GPa) and deto-
nation energy(5614.4 k] - kg™ ) were computed using Kamlet-Jacobs equations.

Key words: energetic material; 3-fluorodinitromethyl-1,2 ,4-triazole (FDNMT) ; synthesis; crystal structure; properties
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